It is important in calculating complex shields such as those proposed for the fusion reactors to ascertain that the neutron cross-section data sets used in the calculations are as accurate as possible and that the calculational methods used to transport the neutrons are as reliable as practical.
To assure that both these criteria are met, a project at the Oak Ridge National Laboratory (ORNL) is being conducted in which a small accelerator is used to provide 14-MeV neutrons via the T(d,n)4He
reaction and an NE-213 detector is used to measure the neutron and gamma-ray The accelerator target (see below) is located in a cyl indrical can of iron with a 7.5-cm wall thickness.
This can serves to modify the nominal 1 4-MeV neutron source spectrum to more nearly represent the softer spectrum from the reactor. In addition, the source can with its backup shield of lithiated paraffin in the accelerator drift-tube port, reduces the number of neutrons reflected from the back wall of the room.
As designed and built, the facility allows making statistically good measurements with experimental shields as thick as 412 g/cm2 in only 3 to 4 hours counting time. A r t i s t rendition of the Experimental Facility.
Target Calibration
For the deuteron energies used in this work ( E < 300 keV) the T(d,n)4He reaction is essentially isotropic in the center-of-mass system. Therefore, counting the alpha particles emitted into a known solid angle gives an accurate determination of the neutron source strength.
The only calibration constant necessary is the solid a n g l et r an s f o r m at io n f ac t or ( l ab to center-of-mass) for the reaction angle at which the alpha particles are observed. This transformation factor is dependent on the deuteron energy and is calculated using the T( d, n) 4He cross section as a function of energy, the stopping power of the target ( TiT), and the relative molecular fractions of the incident beam.
The initial test of the technique was carried out using a very low mass target holder in which the alpha particles were detected by a surface-barrier detector at an angle of 1650 and a distance of about 30 cm.
The detector was protected from scattered deuterons by a foil of aluminized mylar with a thickness of 3 .8 x 10i4 cm. Pulse height 0018-9499/81/0400-1647$00.75 (1981 IEEE distributions observed in the detector showed a very clean peak, well isolated from noise and free of background. The source strength determined by the alpha particle detector was compared with a simultaneous measurement of the neutrons at 00 (Fig. 2) using a calibrated5 NE-213 detector (with suitable calculation of the 00 neutron-solid-angle transformation factor). Agreement was within 3% which is within the uncertainties of 5% on neutron detector efficiency and 3% on alpha particle calibration factor (due mainly to possible variations in the molecular fractions of the incident deuteron beam).
The same low-mass holder was installed in the target position in the concrete containment shield to calibrate an NE-213 neutron monitor located at 00. The production target holder was then installed. T h i s t a r g e th o l d e r u s e dt h es a m e alpha-particle detector package relocated to 900 and at a distance of 150 cm. The source strength determined by this assembly was then compared to that determined by the calibrated neutron monitor and found to agree within 1%. The solid angle transformation factor at 900 is very nearly equal to unity and is essentially independent of deuteron energy and therefore independent of the relative molecular fractions in the deuteron beam. Figure 4 shows the data taken with the shield configurations given in Table 1 The calculations are smoothed with an energy-d ependent Gaussian distribution comparable to the actual resolution of the NE-213 detector.
Attenuation Measurements
The data are compared for neutrons above about 850 keV and for gamma rays above 750 keV. The low-energy neutron response is governed by the dynamic range and linearity of the detector system and although a lower energy gamma-ray threshold is possible, it was not attempted for these measurements. The unfolded response of the NE-213 detector to 14-MeV neutrons with the target in the low-mass holder.
Detector, and Electronics
The primary neutron/gamma-ray detector used in this work was made at ORNL and consisted of 66 This has resulted in a significant improvement in the quality of both methods for evaluating the effectiveness of the proposed fusion-reactor shield. 
